The aim of this study was to design a new model of polymerase chain reaction (PCR) based diagnostic method using mouse genome for one rare epidermal growth factor receptor (EGFR) gene mutations with diagnostic and prognostic values in lung cancer (this mutation are not covered by commercial test kits). From the systematic database search, one rare mutations identified which is within the tyrosine kinase (TK) domain of EGFR, with an insertion mutation in exon 20 namely A763_Y764insFQEA. For designing primers to detect the targeted regions surrounding the rare mutations, Primer3 Plus was carried out to design two sets of PCR primers for exon 20 of mouse EGFR gene. UCSC (University of California Santa Cruz) in silico PCR testing along with BLASTN search were used for primer specificity in terms of predicted target location (chromosome 11 for exon 20) and predicted amplicon sizes (276 bp for exon 20). PCR was partially optimised for the exon 20 with the presence of expected amplicon bands, along with unspecific and primer-dimer bands. The amplicon was sequenced and revealed the presence of the mutation. The mutation of interest selected was A763_Y764insFQEA (insertion of phenylalanine, glutamine, glutamic acid and alanine in between codon 763 and 764) in exon 20, the mutation was in the kinase domain of EGFR. The Identification and Analysis for rare 
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Introduction
Lung cancer, a leading cancer in terms of number of patients and deaths recorded globally, is driven by multiple, complex and heterogeneous genetic abnormalities (1) . Late detection is the attribution of Poor survival rates (10% for 5 years), often when the tumour has metastasised to other parts of the body during which surgical intervention is ruled out, and resistance to drugs (2) . Generally, a large number of oncogenes such as epidermal growth factor receptor tumour (EFGR) and Kristen rate sarcoma (KRAS), and suppressor genes such as breast cancer 1 (BRCA1) and phosphatase and tensin homolog (PTEN) (3). Lung cancer is also known for wide ranges of mutations, for example, tumor protein p53 (TP53) which encodes a transcription factor that plays a role in arresting cell cycle, initiating DNA repair and apoptosis, and is inactivated in 90% of small cell lung cancer (SCLC) and 50% of non-small cell lung cancer (NSCLC). This inactivation has a role in DNA binding domain and point mutations (4).
The most significant gene convoluted in lung cancer is EGFR oncogene which is mutated in around 25% of NSCLC. This gene encodes for a cellular transmembrane receptor tyrosine kinase named EGFR. This gene will activate after binding of ligands such as transforming growth factor-α (TGFα) and epidermal growth factor (EGF). The activation result in autophosphorylation and intracellular activation leading to the signalling, cell proliferation and differentiation (5) . Based on the importance of this gene, this study was aimed to develop a model of PCR based diagnostic technique using mouse genome for one rare gene mutation for 
Materials and Methods
Over all work of the research starting from bioinformatics database to laboratory work is shown in (figure 1).
Figure1
: Flowchart of steps undertaken in this study.
EGFR Mutation Data Mining:
EGFR Mutations Test Kits Data collection:
The Google search box was used for the term 'EGFR mutation test kit. 
Designing Of PCR Primers:
PCR primers were designed using Primer3Plus software package from (http://www.bioinformatics.nl/cgi-bin/primer3plus/primer3plus.cgi/). EGFR exon 20 sequence (186bp) with upstream intron sequence (71bp) and downstream intron sequence (93bp) were pasted into sequence query box of the Primer3Plus homepage. Two sets of primers were generated by using the Square brackets from the beginning and at the end of the exon sequence to mark the targeted region and general Settings tab were clicked and parameters were adjusted, then Pick Primers button was selected.
University of California Santa Cruz (UCSC) in silico PCR:
UCSC website (https://genome.ucsc.edu/) was used and in Silico PCR link on the side menu was clicked which led to a new page. The search box were used for both forward and reverse from Invitrogen and 500 μl of 10% sodium dodecyl sulphate (SDS) were added to the pellet and incubated for 18 hrs at 37°C in a water bath. After that, 1.5 ml of SE buffer and 4 ml of phenol were added and the supernatant was collected using 3000 rpm centrifuge. 10 ml of phenol/isoamyl alcohol was added then centrifuged for 10 minutes at 2500 rpm. The collected supernatant then treated with 1.5ml of isopropanol and 250 μl of 3 M sodium acetate from
Fisher. Then the mixture was put at the refrigerator for 30 minutes and then the DNA precipitation (white colour) was appeared by shaking and centrifuging gently. The pellet then washed with 70% isopropanol. DNA was dissolved in 0.4 ml TE buffer. DNA concentration and wavelength at 230 nm, 260 nm and 280 nm were measured in eppendorf Biophotometer.
1% agarose gel was used for finding the purity of the extracted DNA. The destined gel was then visualised on UV transilluminator to evaluate the quality and quantity of the DNA.
PCR Analysis:
PCR amplifications were carried out according to protocols from (Kumari et al., 2015) (7) using selected primers from Primer3 Plus: Amplified products were visualized on 1.5% agarose gel under UV light.
DNA Sequencing and Analysis:
The bands corresponding to targeted sequence for exon 20 were cut with scalpel visualised by UV light, transferred to eppendorf tube and 400 μl of TE buffer was added. 
Mutation of Interest Mapping on EGFR Exons:
The mutation of interest selected was A763_Y764insFQEA (insertion of phenylalanine, 
DNA Quantity and Quality Analysis:
Six samples of genomic DNA extracted from mouse blood with concentration and absorbance ratio of 260/280 nm and 260/230 nm measured on eppendorf Biophotometer as shown in Table   3 .8. DNA sample 1 had the highest concentration, 38 μg/ml. DNA sample 2 had the closest 260/280 nm absorbance ratio to 1.8, which was 1.84 followed by DNA sample 1 with 1.85 ( figure 5 ). (table 1) . Hence, COSMIC database can be considered to be a principal database with most comprehensive EGFR mutations coverage, delivering deep mutational profiles to support cancer genetics research as a whole (9) . The City of Hope database is also important for cancer research due to its collection of somatic mutations in EGFR and the associated epidemiological data which relates to the prognostic indicators of NSCLC (10) . There are a huge number of mutations covered by commercially test kits, but also there are rare mutations with diagnostic
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and prognostic values are not analysed. This is due to the large number of total EGFR mutations (over 1,300 EGFR mutation entries in COSMIC) and partly explains the ever-growing importance of EFGR mutations in lung cancer (11) . The mutation which selected in this research was A763_Y764insFQEA in exon 20. This mutation is another mutation that has shown good response to gefitinib and erlotinib (12) . In this study, a key bioinformatics tool, Primer3Plus software was used in the designing of the primers for exon 20. In that it considered the GC-rich region and Tm (13) . Additionally, Primer3Plus takes in to account the number of hydrogen bonds and the duplex thermodynamics based on nearest neighbour (NN) model to evaluate the binding stabilities between primer and template. Researchers have suggested in silico testing of PCR primer sequences using bioinformatics tools such as UCSC in silico PCR and BLAST to provide and confirm certainty on the primer specificity for the amplicon before laboratory-based PCR is undertaken (14, 15) .The ration of A260:A280 of above 1.8 possibly indicates contamination with RNA. Hence, to observe the DNA integrity and possible impurities with RNA, the DNA samples were run in 1% agarose gel and visualised by ethidium bromide under UV light (16) . Hence, the selected DNA sample in lane 3 was selected for this study in that it possesses the highest band intensity as compared to the other samples, with no RNA smear observed as shown in Figure 5 . Overall, the most efficient and cost effective way leading to generation of sequencing data for mutational detection was aimed for in this study.
Taking into account the results obtained from the laboratory work, there is certainly room for improvement to fulfil the objective. In the DNA extraction section, the purity of the genomic DNA might have negatively affected the subsequent steps. The ratio A260:A230 of 1.65 was slightly lower than the ideal ratio of 1.8, indicating the presence of impurities such as phenol and salts, which in certain cases, may inhibits PCR and Sanger sequencing efficiency. The impurities can be treated using extra 70% ethanol washing steps or by modifying the isopropanol precipitation step (as salts tends to precipitate together with DNA with the use of isopropanol) in this study by precipitating the DNA with 1/10 volume of 3M acetate and 2 to 280 nm, Picogreen assay selectively detect the double stranded DNA (dsDNA) in the presence of these nucleic acid impurities (18, 19) .
Mutational detection depends on the steps of successful PCR amplification by the subsequent downstream step of DNA sequencing. Optimisation of PCR requires careful troubleshooting so that strategies can be conceived in a timely and efficient manner (20) . Direct sequencing of PCR products is still a widely used method and a gold standard to detect EGFR mutations in spite of its low sensitivity and emergence of more sensitive methods. Many studies have highlighted its inability to detect EGFR mutations with higher false negative rate as compared to methods such as amplification refractory mutation system and high-resolution melting analysis (21, 22) .
